
‘LA-UR -84-825

“ “ tit+

.

. . .

TITLE:co~~ ON TM L~GHT-~EA~ ~o~A NEmRINO mCHANIH4 IN NO-NEUTRINO
IX)lJBLEBSTA DECAY

AuTHORWS. P. Rosen

LA-1111--o 4-e25

‘3L84 010049

SUBMITTEDTO, presented at the FoUrth ~riond workshop on ~seive Neutrinos in

Particle- and Aetro-Phyeics, January 15-21, 1984, La Plagne, France

DIS(’LAIMER

Thh rw~t wee prqwrcd u W} wxmunl of work qmnnwrcdhy m u~ncy of Ihc Urrltcd SIstcc
Government, Neihcr the [ lniwd SIdca (hwcrnmcnt nm mry agency Ilwreof, rrof my of Otwlr
cm-, mnkcc wry wurrunty, cnprcanw imphcd, wr cccumu any Iqnl lkMllIy or rapmrcl-
YWy fm Ih acmrccy, uumplclc~m, or usdulrw d tiny inhmmlion, ●*ratu* *W, w
pcaccu dlcckmcd, m rcrwwunls thul ils use would M inhin~ privntcly owned rlRhtm RaM-
mw herein 10 ●ty npcvit’iccxwnmcrcinlpnclucl, w-, or acrvicc hy trcde name, Ircdcmark,
mmrufcclurcr, wr dmrwi= tlm rwMnatmsnrll.y cmnndlulc or Imply III cmlnmnmnl. rccorn-
mmwklhm, w hwhrs hy ihc [ Jnitcd SImcs ( kwcrnnmni or ●ry a-y Ihcmof, Tk vicwc
●td ophrhmn trf nulhom qwcwncd krcin do m~ rwvcsurlly ume IW rcflcc~ thmc uf tha
tJnltcd SI~Iac (hvcmrncnl or ●ny ●mncy Ihcrcd.

*
/@#

~~~~k)~~~ LosA,a.os,Ne.Me.ico8754~
LosAlamos NationalLeborator

. . .. --w

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



COMMENTON THE LIGHT-HEAVYMAJORANANEUTRINOMECHANISM
IN NO-NEUTRINODOUBLEBETA DECAY

S. P. Rosen
T-Division, Los Alamos National Laboratory

Los Alamos, New Mexico 87545

ABSTRACT

We review the cancellation mechanism between light and heavy neutrinos in
~-ne’utrino double beta decay, and the limits on the mass and mixing angle for
[e heavy neutrino, We emphasize that the ●ffective mass for no-neutrino double
ta decay varies with atomic weight, bein heavier the lighter the parent nol-
eus, A search for double beta decay in $4 Ca will be an excellent test of this<’
chanism.



As ●n ●lternative to what have become

t IIalprin, Petcov and I 2) have proposed the

1. tions in double beta decay. The idea is

1)known as “Pseudo-Dirac” neutrin6s ,

“light-heavy” mechanism for cancel-

inspired by the “see-saw” mass ❑atrix
3)of Gell-Harm, Rrnmond, ●nd Slansky , ●nd by ●n ●arlier observation that experi-

mental limits on double beta decay lifetimes yield lower limits ou “heavy” neu-
4)trino mamaes , ●a Well ●n upper limits on “light” neutrino masses. Thus we

proposed that in the amplitude for no-neutrino double beta decay, the ●xchange of

● light neutrino, with mass a few times 10 ●v, is almost cancelled by the ●x-

change of a heavy neutrino, with opposite CP and mass ●nywhere from a few times

10 Hev to 5 ‘*v or more. In our caae, both neutrinos ❑ust have the same helicity

if they ●re to interfere coherently with one ●nether.

The ●xrhange of a light neutrino between two nucleons inside a nucleus gives

rise to ●n ●ffective Coulomb-like potential in the nuclear matrix ●lement, where-

●s the ●xchange of a heavy neutrino gives rise to an ●ffective Yukawa-like poten-. .
tia14). Therefore the “effective mass” in the no-neutrino decay amplitude has the

fonn2)

= [n% ~cos20 - F(~h,A)Mh Sin 2 91 (1)

where Ha ●nd Nh ● re the light and heavy masses respectively, ●nd 0 is the mixing

●ngle between them. Ths function F (Nb,A) is the ratio of the Yukawa-like and

Coulomb-like potentials,

F(fth,A) = <exp(-Nhr)/r>
/

<l/r> (2)

●nd the ●rgument A is inserted to emphasize that the value ●nd functional form of

F varies from one nucleus to ●nothex. Its value ●nd form ●lso depends upon the

two-nucleon correlation functions used to ●valuate the numerator ●nd denominator

in ●q. (2). /

We have fcund, in our investi8ationsP that this mtchanism gives us two
2)

general, qualitative results . one is ●n uyp~r bound on the mass of the heavy

neutrino: Nh cannot be so large in eq. (2) that there 1s virtually no cancel-

lation in ●q. (l). The ether is that the ●ffective double beta

variem with ●tomic ■asa, the general tende~cy being for N
PP ‘0

the parent nucleus becomes lighter

Exactly what the upper bound on #h is, or what Lhe valuea

decay mass, Mpp,

become larger as

‘f % ●re’ can
depend sensitively upon the two-nucleon correlation function bein8 uned, In ●

model with ● hard core ●t 0.5 fermi 2) , we have obtained ● bouna of 3.5 Gev, while

5] the bound is only 500 Rev.in ●nether model The liaht neutrino maua ml falls

6) in both rases,in the ITEP-80 ran8e
and ‘B?

is bounded by the latest T~llurium



7)
ratio results . As for the ●ffective double beta decay ❑ aas for lighter nuclei,

we find similar results in both models:

::

. . 5 ‘v <a2(%B)<16‘v
13‘v <4%) <43‘v

for the first model, ●nd

‘2(%)E 18‘v
4%) =45‘v

(3a)

(3b)

for the second. In ●q. (3) the superscripts 82 and 48 stand for the parent

isotopes ‘*Se and 4aCa.

Besides an upper bound on Hh, one can ●lso use this analysis to ❑ark out ~n

“allowed” region in that part of the sin20 - Mb plane for which sin2e is small.

From eq. (1), one finds that for small mixing angles, the allowed region is

determined by the condition:

““~+%+>‘h F ‘Nh’‘) ‘in2e>‘Nfl- %) (4)

For illustrative purposes we take M& = 30 ●v, N
PP

= 5 ●v, ●nd A = 133,

corresponding to Tellurium. In the first model mentioned above, the limit in eq.

(4) takes the form:

35 > 1.4 x 106 sin2e exp [-Nh/400] > 25 (5)

wuere #h is measured in t!ev. Numerical values are given in Table 1:

Table I: ~ass ranges versus sin2e for Model I .—-- .

sin2a )0-2 10-4 3 x 10-5

‘h 2.50 > Uh ~ 2.36 Gev 674 > Nh 540 Hev 197 > Mb > 64 Plev

As long ●s the heavy neutrino ~B not identified with UT, the finbl column wili”~.
8)not be in conflict with the CHARH●xperiment .

In the second model, the bounds ● re given by

35 ●v > Rh sin2e exp (-Nh/33) > 25 ●v (6)

where ●gain Nh is ❑easured in Ilev. TtIc corresponding numerical ranges ● re now:

Table 11: Has- rqq~eo versus sinze for tlodel 11——..-— ..—.— --- ——

rein% 10-2 10-4 3 x 10-6—..-. - ————— .— —---- — —..-— ..—
Nh(tlev) 395 > Mb > 383 224 >Hh> 211 7omh>43

———— -—-.. .. .. ... .——.-— .- .-—-----— ----- .. —— .--— .——-— -..

The ma-s value- in Table II are ●itnificantly smaller than the corresponding onr~



‘\

1~in Table 1, ●nd the final column is no longer in conflict with the CHARMexperi -

ment. Thus it is possible to identify the heavy neutrino with VT in this second

●odel.

The crucial test of these ideas is the variation of H
$F

with atomic ❑ ass. It

is therefore necessary to study double beta decay in a variety of isotopes to

determine whether such a variation does or does not occur in nature. Of special

interest is the ~ecay of 48Ca for which one expects the largest value of MBP (see

eq. (?)), and for which there is general agreement regarding the magnitude of the

matrix ●lement. We therefore urge tJat a new effort be made to search for the

no-neutrino double beta decay of 48Ca.
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